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Despite their uniform ability to bind to oligosaccharide-containing terminal sialic acids, influenza A viruses show differences
in receptor specificity. To test whether agglutination of erythrocytes from different animal species could be used to assess
the receptor specificity of influenza A viruses, we determined the agglutinating activities of a range of virus strains, including
those with known receptor specificities, using erythrocytes from seven animal species. All equine and avian viruses, including
those known to recognize N-acetyl and N-glycolyl sialic acid linked to galactose by the a2,3 linkage (NeuAca2,3Gal and
NeuGca2,3Gal), agglutinated erythrocytes from all of the animal species tested (chickens, ducks, guinea pigs, humans,
sheep, horses, and cows). The human viruses, including those known to preferentially recognize NeuAca2,6Gal, agglutinated
all but the horse and cow erythrocytes. Fluorescence-activated cell sorting analysis of erythrocytes using linkage-specific
lectins [Sambucus nigra agglutinin for sialic acid (SA)a2,6Gal and Maackia amurensis agglutinin for SAa2,3Gal] showed
that both cow and horse erythrocytes contain a large amount of SAa2,3Gal-, but virtually no SA2,6Gal-specific lectin-reactive
oligosaccharides on the cell surface, while human and chicken erythrocytes contained both types of oligosaccharides.
Considering that the majority (93%) of sialic acid in horse and cow erythrocytes is of the N-glycolyl type, our results
suggest that viruses able to agglutinate these erythrocytes (i.e., avian and equine viruses) recognize NeuGca2,3Gal. These
findings also show that agglutinating assays with erythrocytes from different animal species would be useful in characterizing
the receptor specificity of influenza A viruses. q 1997 Academic Press
Since its recognition by Hirst in 1941 (10), the ability of Influenza A viruses bind to cell surface sialyloligosac-
charides with specificities that vary according to the hosthuman influenza A and B viruses to agglutinate the erythro-
cytes of different animal species has been studied (13). A species of origin (22). Human viruses preferentially bind
to oligosaccharides containing N-acetylneuraminicchange in hemagglutination during the passage of human
viruses in eggs was first reported as O-D (original-derived) acida2,6-galactose (NeuAca2,6Gal), while avian and
equine influenza strains bind to NeuAca2,3Gal. A singlevariation. O-form viruses agglutinate human or guinea pig
erythrocytes in preference to chicken erythrocytes, while amino acid change in the hemagglutinin selected with
a horse serum inhibitor, a2-macroglobulin, altered theD-form viruses agglutinate all three types equally (3). Influ-
enza C viruses, containing a single-envelope hemaggluti- receptor specificity of a human influenza virus [A/Aichi/
2/68 (H3N2)] from NeuAca2,6Gal to NeuAca2,3Gal (23).nin-esterase glycoprotein and recognizing 9-O-acetyl neu-
raminic acid (8, 24, 33), agglutinate chicken, mouse, rat, In previous studies, the receptor specificity of influenza
A and B viruses was determined by direct binding assaysand frog erythrocytes, but not others, including those from
humans, guinea pigs, cows, pigs, and horses (34). These based on different gangliosides (4, 31), hemagglutination
with erythrocytes enzymatically modified to contain sialy-findings suggest that the receptor specificity of influenza
viruses is related to the agglutination of erythrocytes from loligosaccharides of defined sequences (22), or hemoly-
sis assays based on ganglioside-coated erythrocytesdifferent animal species; however, the molecular basis for
agglutination of erythrocytes has not been resolved. (30). These methods require specific reagents (e.g., gan-
gliosides, sialyltransferases specific for different sialic
acid(SA)-galactose linkages or different sialic acids,1 To whom correspondence and reprint requests should be ad-
CMP-NeuAc, CMP-NeuGc, and CMP-9-O-Ac-NeuAc) anddressed at current address: Department of Veterinary Public Health,
tend to be technically difficult and time-consuming.Faculty of Agriculture, Tottori University, Tottori 680, Japan. Fax:(/81-
857)31-5436. E-mail: toshiito@agr.tottori-u.ac.jp. Because the oligosaccharide composition of glycopro-
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TABLE 1 polymerase chain reaction (PCR) were directly se-
quenced with an autosequencer (Applied Biosystem Inc.,Hemagglutinating Activity of Representative Human, Avian, and
Foster City, CA) according to the manufacturer’s protocol.Equine Influenza Viruses with Erythrocytes from Different Animal
Speciesa The sequence of the primer oligonucleotides used will
be provided on request to the authors.
Hemagglutination with Erythrocytes from different animal species differ in their
erythrocytes fromb
oligosaccharide composition. For example, those from
chickens and humans contain only N-acetyl sialic acidVirus Cow Horse Pig Human
(NeuAc), whereas those from horses and cows contain
A/Singapore/57 (H2N2) 2 2 16 16 mainly N-glycolyl sialic acid (NeuGc, 100% for horses and
A/Aichi/2/68 (H3N2) 2 2 2 8 93% for cows; Ref. 30). In addition, hematoside [II3(Neu5G-
A/Udorn/307/72 (H3N2) 2 2 2 16
c)LacCer; NeuGca2,3bGal1,4GlcNAcb1Cer], which con-A/Memphis/102/72 (H3N2) 2 2 16 8
tains NeuGca2,3Gal, is the major ganglioside in equineA/mallard/NY/6750/78 (H2N2) 16 16 8 16
A/duck/Hokkaido/8/80 (H3N8) 32 8 8 16 (7, 30) but not human erythrocytes. These findings
A/swine/Netherlands/3/80 (H1N1) 8 16 8 8 prompted us to screen viruses with defined receptor spec-
A/equine/Prague/1/56 (H7N7) 32 16 16 16 ificities for their ability to agglutinate erythrocytes from
A/equine/Miami/1/63 (H3N8) 16 16 8 16
different animal species. With some mammalian erythro-
cytes, it was difficult to analyze the extent of hemagglutina-a Glass-slide hemagglutination tests were done with serial dilutions
of viruses in allantoic fluid containing 256 HAU/ml, as determined with tion using microtiter plates (data not shown), as these
chicken erythrocytes in a microtiter assay (28). cells, unlike avian erythrocytes, do not possess a nucleus
b Titers are expressed as the reciprocal of the highest virus dilution and hence do not readily sediment. We, therefore, substi-
producing large aggregates [see Fig. 1 for examples with A/Aichi/2/68
tuted a glass-slide assay (Fig. 1A). The hemagglutinating(H3N2) and A/duck/Hokkaido/8/80 (H3N8)].
activity was also quantified with the use of serially diluted
viruses containing 256 HAU/ml (Fig. 1B). The results indi-
cated considerable variation in the agglutination of differ-teins and glycolipids differs among erythrocytes de-
pending on the species of animal studied (17, 36), we ent animal erythrocytes by the test viruses (Fig. 1B and
Table 1). This variability was not affected by the purity ofthought that the ability of viruses to agglutinate erythro-
cytes might correlate with their receptor specificity. Here, virus preparations, and differences remained constant so
long as the hemagglutination titers of virus suspensionswe systematically analyzed the agglutination patterns of
influenza A viruses isolated from different animal spe- remained at 1:256 (determined with chicken erythrocytes
in a microtiter assay; Ref. 28). Hence, we screened a largecies, many with known receptor specificities, and used
linkage-specific lectins (i.e., those recognizing SAa2,3- number of viruses for their hemagglutinating activity using
this virus concentration.Gal or SAa2,6Gal on the erythrocyte surface) to identify
the molecular basis for any observed differences in hem- The A/Aichi/2/68 (H3N2) strain of human influenza virus,
known to preferentially recognize NeuAca2,6Gal (22), ag-agglutination.
The influenza A viruses we used (Table 1) are main- glutinated chicken, duck, guinea pig, and human (type O)
erythrocytes, but not those from cows, horses, and pigstained in repositories at the Laboratory of Microbiology,
Department of Disease Control, Graduate School of Veteri- (Table 2). By contrast, equine [A/equine/Miami/1/63
(H3N8)] and avian [A/duck/Ukraine/63 (H3N8) and A/mal-nary Medicine, Hokkaido University and the Department
of Virology and Molecular Biology, St. Jude Children’s Re- lard/New York/6750/78 (H2N2)] viruses, which preferen-
tially recognize both NeuAca2,3Gal and NeuGca2,3Galsearch Hospital. They were grown in 11-day-old em-
bryonated chicken eggs and used for hemagglutination, but not NeuAca2,6Gal (9; Y. Suzuki, unpublished data),
agglutinated erythrocytes from all sources. These findingseither with or without purification by differential centrifuga-
tion and sedimentation through a sucrose gradient (18). indicate that agglutination of erythrocytes from cows,
horses, and pigs requires NeuAca2,3Gal or NeuGca2,3-Serum inhibitor-resistant mutants of A/Aichi/2/68
(H3N2) and A/Tokyo/6/73 (H3N2) were isolated in the Gal recognition.
By enzymatically modifying human erythrocytes to con-presence of horse or guinea pig serum as described
previously (25). Briefly, the viruses were incubated with tain the NeuGca2,6Gal linkage, Higa et al. (9) demon-
strated an evolutionary change in the type of sialic acidequal volumes of undiluted serum at room temperature
for 1 hr and then inoculated into 11-day-old embryonated recognized by human H3 influenza viruses. That is, H3
human viruses isolated in 1968 recognize only NeuAc,chicken eggs. Mutants were isolated at limiting dilution,
and their inhibitor resistance was verified by hemaggluti- whereas those isolated after 1972 recognize both NeuAc
and NeuGc. We therefore sought a corresponding changenation inhibition (HI) tests (21). Viral RNA was isolated
from A/Aichi/2/68 (H3N2) and A/Tokyo/6/73 as previously in receptor specificity in human as well as avian and
equine viruses by agglutination of erythrocytes from differ-described (2). cDNA was synthesized with reverse tran-
scriptase and random hexamers (16). Products of the ent animal species. Although the hemagglutination pat-
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FIG. 1. Agglutination of erythrocytes from different animal species by influenza A viruses. Erythrocytes from different animal species were collected
by venipuncture, stored at 47 as a 50% (v/v) suspension in Alsever’s solution (15), and washed three times in phosphate-buffered saline (PBS, pH
7.2) before use. (A) Horse, cow, pig, and chicken erythrocytes [1.5% (v/v), 10 ml] were mixed with virus suspension (10 ml of 256 HAU/ml, as
determined with chicken erythrocytes in a microtiter assay (28), and observed with the naked eye after 5 min of incubation at 07. (B) The same
viruses, at the same HA titer, were serially diluted twofold and examined for hemagglutination as described above.
terns observed among avian and equine viruses did not (Table 3). Moreover, the A/Tokyo/6/73 but not the A/Aichi/
2/68 variant bound to IV3(Neu5Gc)nLc4Cer, indicating itsdiffer from each other, human H3 viruses isolated since
but not before 1973 agglutinated pig erythrocytes. Human ability to recognize NeuGc. Horse serum-resistant
A/Tokyo/6/73, unlike its parent or horse serum-resistantviruses isolated in 1972 were heterogenous in their ability
to agglutinate pig erythrocytes. H2 human viruses isolated A/Aichi/2/68, agglutinated erythrocytes from all of the ani-
mal species tested (Table 3). These results suggest thatin 1957 also agglutinated pig erythrocytes. Because the
human virus H2 HA was introduced from birds in 1957 agglutination of cow and horse erythrocytes by influenza
virus requires NeuGca2,3Gal recognition. They also indi-(19, 27), these findings suggest that the early human H2
HAs retain some characteristics of avian viruses. They cate that recognition of the a2,3 linkage and N-glycolyl
group of sialic acid is determined by different amino acidalso suggest that agglutination of pig erythrocytes re-
quires recognition of NeuGc. residues in the HA molecule.
To understand the structural basis of horse serum re-Swine viruses, in contrast to avian, equine and human
viruses, differed from each other in their ability to aggluti- sistance in the A/Aichi/2/68 and A/Tokyo/6/73 HA vi-
ruses, we determined the nucleotide sequences corre-nate erythrocytes (Table 2). Avian-like A/swine/Nether-
lands/3/80 (H1N1) and human-like A/swine/Colorado/77 sponding to the HA1 region and deduced the amino acid
sequences. Both the A/Aichi/2/68 and A/Tokyo/6/73 se-(H3N2) agglutinated all of the erythrocytes tested, while
other swine viruses agglutinated only chicken, duck, hu- rum-resistant viruses had a single mutation at residue
226 from Leu to Glu, as previously reported (23).man, and guinea pig erythrocytes.
Bovine and equine erythrocytes, known to contain How does one account for animal species-specific
hemagglutination by different influenza viruses? To ad-mainly NeuGc (30), were agglutinated by avian and equine
but not human viruses isolated after 1973, even though dress this question, we analyzed the relative abundance
of SAa2,3Gal and SAa2,6Gal linkages on erythrocytes ofthe latter recognize NeuGc (9). Thus, the a2,3 linkage,
in addition to NeuGc recognition, appears essential for different animal species by fluorescence-activated cell
sorting using linkage-specific lectins. Human andagglutination of bovine and equine erythrocytes. To test
this prediction, we made A/Aichi/2/68 and A/Tokyo/6/73 chicken erythrocytes that were agglutinated by a variety
of viruses contained both SAa2,3Gal and SAa2,6Gal link-viruses horse serum inhibitor-resistant, which should con-
vert their specificity from the a2,6 to a a2,3 linkage (23). ages (Fig. 2). Although pig erythrocytes contained both
types of linkages, SAa2,6Gal was more abundant thanDirect binding assays with human transferrin containing
only NeuAca2,6Gal (14, 29) and sialosylparagloboside, SAa2,3Gal. By contrast, horse and cow erythrocytes,
which were agglutinated by only avian and equine vi-[IV3(Neu5Ac)nLc4Cer and IV3(Neu5Gc)nLc4Cer], verified
that both of the resistant viruses preferred the a2,3 linkage ruses among natural isolates, contained mainly the SAa-
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TABLE 2
Glass-Slide Hemagglutination of a Variety of Human, Avian, Swine, and Equine H3 Influenza Viruses
with Erythrocytes from Different Animal Speciesa
Hemagglutination with erythrocytes from
Chicken duck
Virus Cow Horse Pig human guinea pig
Human isolates
A/Puerto Rico/8/34 (H1N1) 0 0 0 /
A/Fort Mommouth/1/47 (H1N1)b 0 0 0 /
A/Singapore/57 (H2N2) 0 0 / /
A/Japan/305/57 (H2N2) 0 0 / /
A/Aichi/2/68 (H3N2) 0 0 0 /
A/Fukuoka/1/70 (H3N2)b 0 0 0 /
A/Chiba/5/71 (H3N2)b 0 0 0 /
A/Kumamoto/1/72 (H3N2) 0 0 0 /
A/Tokyo/1/72 (H3N2) 0 0 0 /
A/England/42/72 (H3N2) 0 0 0 /
A/Udorn/307/72 (H3N2) 0 0 0 /
A/Memphis/101/72 (H3N2) 0 0 / /
A/Memphis/102/72 (H3N2) 0 0 / /
A/Tokyo/6/73 (H3N2) 0 0 / /
A/Victoria/3/75 (H3N2) 0 0 / /
A/Kumamoto/22/76 (H3N2) 0 0 / /
A/Texas/1/77 (H3N2) 0 0 / /
A/Yamanashi/2/77 (H3N2) 0 0 / /
A/Niigata/102/81 (H3N2)b 0 0 / /
A/Los Angeles/2/87 (H3N2) 0 0 / /
Avian isolates
A/chicken/Brescia/02 (H7N1)b / / / /
A/FPV/Rostock/34 (H7N1)b / / / /
A/duck/Ukraine/1/63 (H3N8) / / / /
A/turkey/Ontalio/7732/66 (H5N9)b / / / /
A/duck/Hokkaido/5/77 (H3N2) / / / /
A/myna/Tokyo/7/77 (H3N2) / / / /
A/myna/Tokyo/9/77 (H3N2) / / / /
A/mallard/NY/6750/78 (H2N2) / / / /
A/mallard/NY/6874/78 (H3N4) / / / /
A/budgerigar/Aichi/79 (H3N2) / / / /
A/duck/Hokkaido/8/80 (H3N8) / / / /
A/duck/Hokkaido/16/80 (H3N8) / / / /
A/duck/Hokkaido/33/80 (H3N8) / / / /
A/gull/Massachusetts/26/80 (H13N6) / / / /
A/duck/Hokkaido/7/82 (H3N8) / / / /
A/duck/Ireland/83 (H5N8)b / / / /
A/chicken/Victoria/85 (H7N7)b / / / /
A/ruddy turnstone/New Jersey/47/85 (H4N6) / / / /
A/mallard/Alberta/7/89 (H9N3) / / / /
A/mallard/Alberta/58/89 (H8N4) / / / /
A/turkey/Minnesota/12537/89 (H1N1) / / / /
A/mallard/Alberta/11/91 (H6N4) / / / /
A/turkey/England/91 (H7N7)b / / / /
A/mallard/Alberta/24/92 (H11N9) / / / /
A/chicken/Mexico/31381/94 (H1N1) / / / /
A/duck/Australia/749/80 (H1N1) / / / /
Swine isolates
Classic
A/swine/Iowa/15/30 (H1N1) 0 0 0 /
A/swine/Hokkaido/2/81 (H1N1) 0 0 0 /
Avian-like
A/swine/Netherlands/3/80 (H1N1) / / / /
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TABLE 2—Continued
Hemagglutination with erythrocytes from
Chicken duck
Virus Cow Horse Pig human guinea pig
Human-like
A/swine/Colorado/77 (H3N2) / / / /
A/swine/Italy/309/83 (H3N2) 0 0 0 /
A/swine/Italy/526/85 (H3N2) 0 0 0 /
A/swine/Italy/635/87 (H3N2) 0 0 0 /
Equine isolates
A/equine/Prague/1/56 (H7N7) / / / /
A/equine/Miami/1/63 (H3N8) / / / /
A/equine/Detroit/3/64 (H7N7) / / / /
A/equine/tokyo/2/71 (H3N8) / / / /
A/equine/London/1416/73 (H7N7) / / / /
A/equine/New York/49/73 (H7N7) / / / /
A/equine/Kentucky/75 (H7N7) / / / /
A/equine/Kentucky/1/76 (H3N8) / / / /
A/equine/Kentucky/77 (H7N7) / / / /
A/equine/Cordoba/4/76 (H7N7) / / / /
A/equine/Fontainbleau/79 (H3N8) / / / /
A/equine/Kentucky/1/81 (H3N8) / / / /
A/equine/Tennessee/5/86 (H3N8) / / / /
A/equine/Kentucky/92 (H3N8) / / / /
a /, Agglutination; 0, no agglutination with viruses containing 256 HAU/ml, as determined with chicken erythrocytes in a microtiter assay (28).
b Virus-containing allantoic fluid was used; the other viruses were tested after purification (18).
2,3Gal linkage. These findings indicate that the relative gether with the linkage specificity of human (a2,6) and
avian and equine (a2,3) viruses, suggest that both NeuG-abundance of SAa2,3Gal or SAa2,6Gal linkages on eryth-
rocytes determines whether or not the cells will be agglu- ca2,3Gal and NeuGca2,6Gal are present on the surface
of pig erythrocytes, a prediction supported by the resultstinated by viruses with specific linkage preferences. Con-
sidering that the vast majority of sialic acid on horse and of lectin assays (Fig. 2).
An avian-like swine virus (A/swine/Netherlands/3/80),cow erythrocytes (100 and 93%, respectively) is NeuGc,
agglutination of these cells probably requires NeuGca2,- which was introduced into European pigs in 1979 (26),
agglutinated all of the erythrocytes tested. This property3Gal recognition.
Here we show that the ability of influenza A viruses may reflect the retention of avian-like receptor specifici-
ties during their replication in pigs, since all the avianto agglutinate erythrocytes from different animal species
correlates with their receptor specificity. Therefore, erythro- viruses we examined showed the same hemagglutinat-
ing activities. However, one of the human-like swine vi-cytes from different hosts can be used to rapidly define the
receptor specificity of influenza A viruses. Hemagglutination ruses (A/swine/Colorado/77) also agglutinated each of
the erythrocytes tested, whereas other swine viruses didof cow and horse erythrocytes was associated with NeuG-
ca2,3Gal recognition. Inhibitor-resistant variants of the A/ not (Table 1). Direct analysis of receptor specificity using
defined glycoconjugates is needed to understand theAichi/2/68 strain, which preferentially recognize NeuAca2,-
3Gal but not NeuGca2,3Gal, failed to agglutinate cow and structural basis of this variation.
Analysis of the three-dimensional structure of the H3horse erythrocytes, consistent with the limited amount of
NeuAc on the surface of these cells (30). Fluorescence- influenza virus HA complexed with sialyllactose, a cell
receptor analogue, suggests that substitution of Tyr foractivated cell sorting analysis of cow and horse erythro-
cytes, using fluorescence-conjugated linkage specific lec- Thr at residue 155 in human H3 strains isolated after
1972 was responsible for the acquisition of NeuGc recog-tins, confirmed the abundance of SAa2,3Gal linkages on
these erythrocytes. Thus, NeuGca2,3Gal may be the domi- nition capacity (35), since the methyl group in NeuGc
faces toward amino acid 155 of the hemagglutinin andnant sialyloligosaccharide on the surface of cow and horse
erythrocytes. the Thr–Tyr mutation increases the affinity for NeuGc.
The HA sequences of the human viruses used in thePig erythrocytes were agglutinated by all avian and
equine viruses tested as well as human strains isolated present study generally support the notion that NeuGc
recognition enables human H3 viruses to agglutinate pigafter 1973. Sixty-six percent of the sialic acid in pig eryth-
rocytes is of the N-glycolyl type (6). These findings, to- erythrocytes. However, the A/Udorn/307/72 (H3N2) and
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TABLE 3
Receptor Specificity of Parental and Inhibitor-Resistant Variants of Human Influenza Viruses
Hemagglutination with erythrocytes from Binding to
Cow Guinea pig chicken Transferrin Sia-PGa Sia-PG
Virus horse Pig duck human (NeuAca2,6Gal) (NeuAca2,3Gal) (NeuGca2,3Gal)
A/Aichi/2/68
Parent 0 0 / / 0 0
HSIRb 0 0 / 0 / 0
GPSIRc 0 0 / 0 / 0
A/Tokyo/6/73
Parent 0 / / / 0 0
HSIR / / / 0 / /
Note. Direct binding assays of viruses to gangliosides or sialoglycoprotein (human transferrin) were performed by a modification of the method
of Holmgren et al. (11). Briefly, 5 mM ganglioside or human transferrin in PBS (5 ml) was added to tissue culture dishes (6-cm diameter; Coaster
Co., MA), which were rinsed with PBS after overnight incubation at room temperature in a humid atmosphere. Unoccupied binding sites were
blocked by incubation with gelatin (10 mg/ml) in PBS for 30 min. The dishes were then rinsed with PBS, allowed to incubate for 1 hr on ice with 3
ml of virus (512 HAU/ml) in PBS, and subsequently rinsed three times with cold PBS. After addition of 5 ml of a 1% suspension of chicken
erythrocytes in PBS and 15 min of incubation on ice, unadsorbed erythrocytes were washed from the dishes and binding of the virus to glycoconjugates
was determined by hemadsorption.
a Sialosylparaglobosides [IV3(Neu5Ac)nLc4Cer(NeuAca2,3Galb1,4GlcNAcb1,3Galb1,4Glcb 1 Cer)] from human erythrocytes were purified at the
Department of Biochemistry, School of Pharmaceutical Science, University of Shizuoka. IV3(Neu5Gc)nLc4Cer (NeuGca2,3Galb1,4GlcNAcb1,3-
Galb1,4Glcb 1 Cer) from equine erythrocytes was generously provided by Dr. Masaharu Naiki, National Institute of Health, Japan. Human transferrin
was purchased from Midori Cross Co. Ltd. (Osaka, Japan).
b Horse serum inhibitor-resistant variant.
c Guinea pig serum inhibitor-resistant variant.
A/England/42/72 (H3N2) strains contain Tyr at position Although crystallographic data pertinent to interactions
of NeuGca2,3Gal with the HAs of nonhuman virus strains155 but do not agglutinate pig erythrocytes. Thus, recog-
nition of other residues may be important in the aggluti- are still unavailable, amino acid substitutions at residue
228 could increase the affinity for NeuGc, since the ma-nation of pig erythrocytes by human H3 viruses isolated
after 1973; further studies are needed to clarify this issue. jority of avian and equine virus HAs agglutinate cow and
horse erythrocytes (hence recognize NeuGc) and haveRecently, Conner et al. (5) suggested the importance
of an amino acid change at residue 228 of the H3 HA Gly at position 228, whereas the HAs of human H3 vi-
ruses contain Ser at this position.in addition to that at residue 226 (23) for the receptor
specificity; however, this study was restricted to the a2,3 Early studies of the agglutination of erythrocytes from
different animal species yielded inconsistent results (13),versus a2,6 linkage, excluding NeuGc versus NeuAc.
FIG. 2. Comparison of the relative amounts of SAa2,3Gal and SAa2,6Gal linkages on the surface of animal erythrocytes. For detection of SAa2,3Gal
and SAa2,6Gal on the surface of erythrocytes, a digoxigenin (DIG) glycan differentiation kit (Boehringer Mannheim Biochemicals, Inc.) was used.
Briefly, cow, pig, horse, chicken, and human (type O) erythrocytes were washed twice in PBS containing 10 mM glycine, then once with Buffer 1
(50 mM Tris–HCl, 0.15 M NaCl, 1 mM MgCl2 , 1 mM MnCl2 , 1 mM CaCl2 , pH 7.5). A blocking solution supplied with the DIG kit was then incubated
with the cells for 1 hr, after which the cells were washed as described above. DIG-labeled lectins [Sambucus nigra agglutinin (SNA) specific for
SAa2,6Gal and Maackia amurensis agglutinin (MAA) specific for SAa2,3Gal] dissolved in Buffer 1 were then incubated with the cells for 1 hr. After
three washes, the cells were incubated with anti-DIG antibody conjugated to fluorescein isothiocyanate (Fab fragments) for 1 hr. After an additional
three washes, they were analyzed for fluorescence intensity on a FACScan fluorospectrometer (Becton Dickinson). The profile shown depicts cell
number as a function of log fluorescence intensity of SAa2,3Gal (a2,3; Maackia amurensis agglutinin)- and SAa2,6Gal (a2,6; Sambucus nigra
agglutinin)-specific lectin-reactive oligosaccharide on the cell surface.
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